. Thus, an investigation of some of the properties of the dormant spore contributes to an understanding of the mechanism of dormancy. Since the protein-synthesizing mechanism is one of the basic functions of the cell, it would be of interest to examine each of the components of the system to see whether it has been altered or is in any way deficient for the process of protein synthesis. Woese, Landridge, and Morowitz (17) 
Bacterial spores represent an extreme case of dormancy among biological systems. Studies to date have indicated that bacterial spores have little or no metabolism (8) . Thus, an investigation of some of the properties of the dormant spore contributes to an understanding of the mechanism of dormancy. Since the protein-synthesizing mechanism is one of the basic functions of the cell, it would be of interest to examine each of the components of the system to see whether it has been altered or is in any way deficient for the process of protein synthesis. Woese, Landridge, and Morowitz (17) demonstrated that spores contained particles with sedimentation coefficients of 50S and 68S. They were unable to identify or find particles which had a 30S sedimentation coefficient. Since their studies were primarily based on the sedimentation properties of ribosomes and no chemical analyses had been made of these particles, a further analysis of these particles may be revealing in terms of their possible function in dormancy. To perform the biochemical analyses, a method has been developed for the isolation and characterization of the particles from dormant spores. This was necessary because spore ribosomes were unstable during the isolation process. The presence of an active ribonuclease and a protease in spores has been demonstrated, a fact which may account ' Present address: Department of Biochemistry and Biophysics, University of California, Davis. for the instability of ribosomes under ordinary isolation procedures. A comparison of spore and vegetative-cell ribosomes has revealed that they have essentially the same composition.
MATERIALS AND METHODS Preparation of vegetative cells and spores. Bacillus subtilis W23 cells and labeled spores were grown at 37 C in the synthetic medium (SCM) of Doi and Igarashi (6) and was centrifuged at 17,000 X g for 15 min. The supernatant fluid was designated as the crude ribosomal extract. Partially purified ribosomes were obtained by centrifuging the crude extract for 3.5 hr at 100,000 X g in a Spinco model L preparative ultracentrifuge. The complete method for extraction and characterization of P32-labeled spore ribosomes is shown in Fig. 1 . Spores were alternately frozen in liquid nitrogen and thawed twice at room temperature, and were then immediately ground in a prechilled mortar in the cold with 1 volume of alumina, which was used as obtained from the commerical supplier. To the resulting paste were added crude vegetative ribosomes (equivalent to absorbancy of 75 at 260 mM) or 2 mg of bulk vegetative-cell ribonucleic acid (RNA) plus 2 ml of 2% deoxycholate in 0.01 M Tris-0.01 m MgCl2 buffer. After 30 min of incubation in the cold, the suspension was centrifuged at 17,000 X g for 15 min. The supernatant solution, containing the crude spore P32-ribosomes, was centrifuged for 3.5 hr at 100,000 X g. The supernatant fluid was decanted, and the pellet containing the partially purified ribosomes was suspended in 2.0 ml of 1.5% sucrose in 0.01 M Tris-0.01 M MgCI2 buffer (pH 7.2).
Determination of ribosome sedimentation pattern. The ribosome pattern was obtained by layering 2 ml of the crude extract containing vegetative-cell carrier ribosomes and P32-labeled spore ribosomes equivalent to an absorbancy of 20 at 260 m, on a 3 to 20% linear sucrose density gradient. The gradient was centrifuged in the SW 25.1 rotor of a Spinco model L ultracentrifuge at 25,000 rev/min for 5 hr at 4 C. At the end of the run, equal fractions were collected by piercing the bottom of the tubes. The optical density at 260 ml, of each fraction was determined, as well as its content of radioactivity. Radioactivity was measured according to the method of Doi and Igarashi (6) .
Sedimentation coefficients were determined with a Spinco model E analytical ultracentrifuge equipped with a Schlieren optical system. Preparations were centrifuged at 39,460 rev/min at 20 C.
Column chromatography of purified RNA. RNA from pooled 705 and 50S ribosomes was purified by the phenol method of Gierer and Schramm (9) . 
ISOLATION OF RIBOSOMES FROM B. SUBTILIS SPORES
Fractionation of the preparations was accomplished by use of the methylated albumin kieselguhr (MAK) column of Mandell and Hershey (14) . A linear gradient of NaCl was used to elute RNA. Base ratio analyses were performed by the method of Hayashi and Spiegelman (10) .
Preparationi of H3-ribosomes from B. subtilis vegetative cells. For preparation of H3-ribosomes, 100 ml of SCM medium was inoculated with cells having an optical density at 660 m,u of 0.120 and the cells were grown to an optical density of 0.4 in the presence of 50 ,.g and 50 tic of HI-uridine (4.4 c/mole). The cells were then collected by centrifugation, washed with SCM plus 15% sucrose, and resuspended in SCM supplemented with 10 ,g/ml of unlabeled uridine. At an optical density (660 m,u) of 0.8, the cells were collected, and the 70S ribosomes were purified as previously described.
Assay somes were not being released into the extract but were bound to the alumina or to the spore cell wall-membrane complex. It was found that the radioactive spore ribosomes could be displaced from the alumina-ground pellet by adding vegetative-cell ribosomes to a suspension of the alumina-ground pellet. The recovery of P2 in the crude extract was increased to 12%. It appeared that the vegetative-cell ribosomes were displacing the PI-labeled spore ribosomes from the alumina. This is illustrated in Fig. 3 found for vegetative-cell ribosomes. The RNA was isolated from the purified spore ribosomes and fractionated by MAK column chromatography. The RNA-P'2 from the 70S ribosomes showed the presence of 16S and 23S ribosomal components (see Fig. 4 ). Both components have been shown to be prominent in the composi- Table 3 shows the effects of several extracts upon 70S tritiated ribosomes. Extracts from log-phase cells, stationary cells, and spores ground with and without alumina were examined for their ability to degrade the tritiated RNA of ribosomes. The tritium was present in the uracil of the ribosomal RNA. The degradation of the ribosomal RNA was followed by the decrease in acid-precipitable counts. Only with the crude extracts from the spores ground without alumina was there any decrease in the radioactivity of the tritiated ribosomes. A loss of roughly 14% was recorded. Addition of any of the other crude extracts did not result in the degradation of the ribosomes. Addition of potential nuclease inhibitors (bentonite, polyvinylsulfate, Macaloid) served only to stimulate breakdown with the extracts which had previously been without activity. The presence of nuclease activity was shown more decisively when tritiated RNA was used as the substrate. This is shown in Table 3 . Ribonuclease activity was present in all the extracts. Again the spore extracts ground without alumina showed the greatest effect upon tritiated RNA, as shown by the loss of acid-precipitable counts. Table 4 shows the results of the assay for protease activity in various spore extracts. When spores were ground in the absence of alumina, the highest activity of protease was observed. As an increasing amount of alumina was added to the spores during grinding, the amount of protease activity in the extract decreased. This suggested that the protease was adsorbing to the added alumina. The other interesting observation was the presence of proteolytic activity of whole spores; furthermore, the protease activity of unground spores was increased by heating the spores at 60 C for 15 min.
DIscussIoN
These results, in addition to previous results of Woese et al. (17) and Doi and Igarashi (6) , have demonstrated that bacterial spore ribosomes are essentially identical to those found in the vegetative form. Furthermore, Kobayashi and coworkers (11) (6, 11) . However, during germination there is a rapid and extensive synthesis of messenger RNA (7). Presumably these messenger RNA molecules are used to form the enzymes necessary for the germination process. It appears, therefore, that the transcription process is controlled during sporulation, dormancy, and germination. The presence of the major components of the proteinsynthesizing system, except for messenger RNA, suggests that dormancy may be caused by a factor which controls the transcription process. There is insufficient evidence at the moment to P AND DOI 3. A decide whether dormancy is controlled pimaril by regulating the transcription process or whether the regulation of the transcription proes is a secondary factor ia the overall process of converting a vegetative cell to a dormant spore.
Further analyses on the sporulating cels should be fruitful since several investigators have found that regulation occurs during various steps of sporulation (16) .
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